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HYDROLOGIC RECONNAISSANCE OF 

POINT RE¥ES NATIONAL SEASHORE AREA, CALIFORNIA

By R. H. Dale and S. E. Rantz

ABSTRACT

This report summarizes the results of a hydrologic reconnaissance 

of the Point Reyes National Seashore area, the primary purpose of which . 

was to appraise potential sources of water supply at park sites where 

visitor accommodations are proposed.

Point Reyes National Seashore is a peninsular area on the California 

coast about 50 miles north of San Francisco. Inverness Ridge, with 

peaks about 1,400 feet above sea level, forms the eastern boundary of 

the seashore. Marine terraces, extending from sea level to altitudes 

of about 400 feet, form the remainder of the area.



The general climate is strongly influenced by the proximity of the 

Pacific Ocean, but marked local differences in temperature, wind velocity, 

and precipitation result from the topography of die peninsula. 

Precipitation is distinctly seasonal and more than 75 percent of the 

annual (October 1 through September 30) total occurs in the 5 months, 

November through March. Mean annual precipitation over the peninsula 

ranges from 20 to 40 inches, whereas mean annual runoff is estimated 

to range from 6 to 16 inches. About 90 percent of the annual runoff 

occurs in the 5 months, December through April, when water-supply 

requirements are minimum.

A streamflow reconnaissance of the area, consisting of a series 

of low-flow discharge measurements at each of nine streams, was made 

in 1964 and 1965. From these measurements, the low-flow characteristics 

of the streams were derived and an evaluation was made of their adequacy 

as sources of surface-water supply for sites where visitor accommodations 

are proposed in the national seashore. Results of the study showed that 

summer streamflow generally is inadequate at beach sites north of the 

latitude of the western tip of the peninsula. The development of a 

surface-water supply is feasible at the other proposed park sites.



The principal geologic features, with reference to a ground-water 

supply, consist of a basement complex overlain by marine sandstone and by 

shale and mudstone, which, in turn, are overlain by terrace and dune 

sand, alluvial sand and gravel, and tidal-marsh clay and silt. Wells 

completed in basement complex, shale and mudstone, and clay and silt 

yield about 1 gpm (gallon per minute); in sandstone and in terrace and 

dune sand, about 10 gpm; and in sand and gravel up to 60 gpm. Small 

quantities of water (less than 5 gpm) may be developed at most of the 

sites proposed for visitor accommodations, but quantities in excess of 25 

gpm will be very difficult to develop.

Except for the iron content, the water quality of potential sources 

of supply generally appears to be satisfactory, according to U.S. Public 

Health Service standards. Analysis for iron was not made but field 

evidence suggests that a high-iron content in the water will be a problem 

throughout the seashore area.

Because this investigation was of the reconnaissance type, the 

quantitative results obtained are estimates. However, they 

provide a basis for the preliminary planning of park developments. 

Detailed studies are in progress (1965) to define hydrologic conditions 

more adequately at proposed park sites.



INTRODUCTION

In accordance with a July 1963 agreement between the U.S. Geological 

Survey and the National Park Service, the Geological Survey made a 

hydrologic reconnaissance directed toward the development of water 

supplies for proposed park sites in the Point Reyes National Seashore 

area. According to present (1965) plans, the national seashore will 

ultimately occupy about 33,000 acres of the 64,000-acre Point Reyes 

peninsula.



Purpose and Scope

The purpose of this report is to summarize the hydrologlc features 

of the peninsula. The scope of the study included: (1) A geologic 

classification of the rocks, based in part on their water-bearing 

characteristics; (2) surface-water discharge measurements, analyzed 

to determine the low-flow characteristics of streams in the area; 

and (3) the results of chemical analyses of water samples to determine 

the suitability of the water for domestic use.

Also included is a brief appraisal of the potential water supply 

for nine proposed park sites. Each site that is to be developed may 

require more detailed evaluation than was possible in this reconnaissance- 

type study.
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Numbering System for Springs and Wells

The numbering system used in California by the Geological Survey 

is based on the rectangular system for the subdivision of public land 

into township, range, and section. In an area such as Point Reyes, 

where the land has not been surveyed for such subdivision, the rectan 

gular system is projected from outside the area. The sections are 

subdivided into a quarter of a quarter section and numbered as in the 

accompanying diagram.

An example best describes the system. Citizens Utilities owns 

a well in Inverness. It is located, according to this projected 

system, in the SW% of the SW% of sec. 16, T. 3 N., R. 9 W. of 

Mount Diablo base line and meridian. The assigned well number is 

3N/9W-16N1. The 3N, 9W, and 16 correspond to the projected township, 

range, and section, respectively. The letter corresponds to the 

appropriate quarter of the quarter section, and the final digit 

denotes that it was the first well canvassed in the N plot. Available 

data not field verified are described in the same manner except that 

the final digit is not shown.
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LOCATION AND GEOMORPHIC FEATURES

The Point Reyes National Seashore (fig. 1) is a peninsular area 

on the California coast about 50 miles north of San Francisco. It is 

triangular in shape and has a base about 30 miles long, extending from 

Bolinas Bay to Bodega Bay along the San Andreas Rift Zone. The apex 

of the triangle is at Point Reyes lighthouse.

Inverness Ridge lies parallel to and about a mile west of the 

base of the triangle. Section A-A 1 (fig. 2) approximately coincides 

with the crest of the ridge. The southern part of the ridge, 

designated as the upland, consists of three distinct peaks; each 

has an altitude of about 1,400 feet above sea level; Figure 3 shows 

the topography of the upland, viewed from an altitude of 800 feet at 

the saddle between Point Reyes Hill and Mount Wittenberg (fig. 1). 

The northern part of the ridge (figs. 2 and 4), designated as the 

high terrace, is a wave-cut terrace whose altitude ranges from 200 

to 400 feet above sea level.

The low terrace on the west has an approximately triangular 

shape, formed by the Kehoe Ranch on the north, Laguna Ranch on the 

southeast, and Point Reyes School on the southwest. At some sites 

this terrace rises gradually from sea level to a maximum altitude 

of 300 feet, and at other sites sea cliffs rise abruptly to altitudes 

of 200 feet. In general, the average altitude is about 200 feet 

(section B-B ! , fig. 2). This low terrace is terminated by an 

east-west trending ridge at Point Reyes.
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CLIMATE

The general climate is strongly influenced by the proximity of the 

Pacific Ocean, but distinct local differences in temperature, wind 

velocity, and precipitation result from the topography of the peninsula. 

The climate along the coast is marked by moderate and equable temperatures, 

heavy and recurrent fogs, and strong prevailing northwest winds. At 

Point Reyes lighthouse the mean annual temperature is 53°P; the mean 

temperature for January, the coldest month, is 50*F; the mean temperature 

for September, the warmest month, is 57°P. The difference between the 

long-term average maximum and average minimum temperatures for any 

month of the year is only 10°F. Inland, temperatures have a wider range, 

fog is lighter and less frequent, and winds are more moderate.

Precipitation is highly seasonal, there being negligible rainfall 

during the summer months. More than 75 percent of the annual (October 1 

through September 30) precipitation, virtually all of it in the form of 

rain, occurs during the 5 months, November through March. The only long- 

term precipitation record available is that for the lighthouse weather 

station where the average annual rainfall is about 20 inches. This 

record indicates that there is great variability in precipitation from 

year to year, and during the period 1879-1943 annual precipitation 

ranged from a high of 45.91 inches in 1890 to a low of 9.56 inches in 

1924. A study of precipitation records for nearby stations outside the 

peninsula shows that the rainfall is orographically influenced and that 

average annual precipitation may be as much as 40 inches at the higher 

altitudes in the southeastern part of the national seashore area (fig. 5).
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SURFACE WATER

The areal distribution of precipitation is reflected in the 

areal pattern of runoff, values of which range from 6 to 16 inches. 

The isopleths of mean annual runoff shown on figure 6 are based on 

the rainfall distribution shown on figure 5 and on a rainfall-runoff 

relation for the surrounding area. There are no stream-gaging stations 

in the study area, but on the basis of streamflow records for nearby 

areas, it is estimated that about 90 percent of the annual runoff 

occurs during the 5 months, December through April.

A streamflow reconnaissance was made during the summers of 1964 

and 1965 to estimate the low-flow characteristics of potential sources 

of surface-water supply and to evaluate the adequacy of these sources. 

The reconnaissance included the nine sites, shown on figure 7, where 

visitor accommodations are proposed. The only summer flow in the 

vicinity of four of these sites Gallagher, Drakes, Point Reyes, and 

Tomales Beaches occurs in small seeps and these sites, therefore, were 

eliminated from the surface-water investigation. Nine streams in the 

vicinity of the other five proposed park-development sites were 

selected for study. The observations at each stream consisted of a 

series of measurements of discharge and water temperature. The 

locations of the nine measurement sites are shown on figure 1; the 

discharge and temperature data are given in table 1.
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Correlation of the measured discharges in table / with concurrent 

discharges of gaged streams outside the study area elicited the low-flow 

information shown in table 2. The heading "Q0.60" in table 2 refers to 

the discharge that is exceeded, on the average, 60 percent of the time; 

the heading "Q0.90" refers to the discharge that is exceeded, on the 

average, 90 percent of the time. The heading "firm yield" requires more 

detailed explanation. After park facilities for the public are developed, 

the most critical period each year, from the standpoint of water supply, 

will be the Labor Day weekend. At that time water usage by visitors will 

be at a peak and streamflow almost at a minimum. Consequently, a firm 

surface-water yield is one that will meet the demands of the critical 

Labor Day periods. Long-term rainfall and runoff records indicate that 

the severest droughts during the past 50 years were those of 1924 and 1931, 

From a consideration of these long records, firm surface-water yield has 

been defined arbitrarily for this study as the discharge that was equaled 

or exceeded in early September of each of the past 50 years, with the 

exception of 1924 and 1931. By this definition, firm yield is a discharge 

of such magnitude that on only one Labor Day in 25 years, on the average, 

will it fail to be attained.
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Another low-flow characteristic deduced from the streaaflow data 

was the base-flow recession curve for each of the nine streams. This 

recession curve is a discharge hydrograph for periods of no rain, when 

all the flow is derived from natural ground-water discharge into the 

stream channel (base flow). Factors that influence the recession curve 

are transmissibility of the ground-water aquifer or aquifers, water- 

table gradient, and volume of ground-water storage available for 

effluent discharge to the stream. It is customary to plot recession 

curves on semilogarithmic graph paper, using the logarithmic ordinate 

for the discharge scale and the rectangular abscissa for the time scale, 

usually expressed in days. The use of semilogarithmic plotting tends 

to linearize the recession curve. "Zero" oh the time scale corresponds 

to an arbitrarily selected value of base flow; "1" on the time scale 

represents the discharge 1 day later; "2" on the time scale represents 

the discharge 2 days later; and so on. To permit visual comparison of 

the characteristics of the nine base-flow recession curves, they have 

all been plotted on the same graph (fig. 8), using discharge in 

gallons per minute per square mile as the ordinate. To obtain the 

actual discharge for any stream, the unit discharge values indicated 

on figure 8 are multiplied by the drainage area of the stream.
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The initial discharges on figure 8, corresponding to 0 on the 

tine scale, are the QQ.SQ va^ue8 f°r the streams. The graphs show 

that in the absence of rain, QQ «« occurs 90 days after QQ 6Q , and 

firm yield occurs 150 days after QQ 6Q . The discharges corresponding 

to firm yield are exceeded, on the average, at least 99 percent of the 

time.

The slope of a recession curve indicates the degree to which 

base flow is sustained; the flatter the recession curve, the better 

sustained is the flow. Also, the higher a recession curve is on the 

scale of discharge per square mile, the greater is the available 

supply per unit of drainage area. Figure 8 shows that the base flow 

of 6 of the streams is fairly well sustained; that of the 3 streams 

in the Limantour Beach area is not.

The water-temperature data in table 1 indicate that summer 

temperatures are generally about 55°F, but reach 62°F in McClure Creek.
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GEOLOGIC FEATURES AND GROUND-WATER POTENTIAL

In general, a basement complex of pre-Tertiary age, is overlain 

by marine sandstone and marine shale mudstone of Tertiary age. These, 

in turn, are overlain by terrace and dune sand, alluvial sand and gravel, 

and tidal-marsh clay and silt, all of Quaternary age.

Geologic section B-B* (fig. 9) shows the relative thickness of 

each of these units, and the geohydrologic map (fig. 10) shows their 

areal distribution. Table 3 summarizes the water-bearing properties 

for each of the geohydrologic units. Table 4 lists data for wells and 

springs that are mentioned in the following discussion of geohydrologic 

units.

Basement complex.' The basement complex forms Inverness Ridge from 

Mount Wittenberg north to Tomales Point. West and south of the ridge, 

it underlies a low terrace and crops out to form Point Reyes at the 

southwestern corner of the area.

The basement complex, consisting principally of granodiorite, 

is weathered and decomposed in surface exposures. Several domestic 

wells, yielding less than 1 gpm, have been completed in the weathered 

basement complex. A public-supply well (3N/9W-16N2), drilled to a 

depth of 303 feet in both the weathered and unweathered basement 

complex yielded 10 gpm.
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Sandstone.--A sandstone unconformably overlies the basement complex. 

In general, it crops out discontinuously along the west flank of Inverness 

Ridge and may extend for a short distance at depth below the low-terrace 

area.

Near the Kehoe Ranch, the sandstone consists of a well-sorted, 

slightly cemented medium sand and is moderately porous and permeable. 

None of the wells canvassed were completed in this unit; however, field 

examination of the sandstone suggests that wells drilled in this unit 

probably will yield 10 gpm.

Shale and mudstone.--Shale forms Inverness Ridge from Mount Wittenberg 

south to Bolinas. Mudstone crops out along the west flank of Inverness 

Ridge from Mount Wittenberg north to the Kehoe Ranch and underlies the 

low terrace to the west at shallow depths. The thickness of the shale 

is unknown. Oil-well data indicate the mudstone lies directly on the 

basement complex and is 1,200 feet thick near the D Ranch west of 

Mount Wittenberg.

The shale is siliceous and well fractured, and small amounts of 

water might be pumped from this unit. The mudstone is a slightly 

lithified mud with some small fractures, but for the most part is dense 

and impermeable. Three wells, completed in the mudstone, were canvassed. 

Well 2N/10W-8A1 yielded 1 gpm; domestic well 3N/10W-15R2 was unused 

because of its small yield; and well 3N/10W-22C1, whose yield is unknown, 

was unused because of high-iron content in the water.
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Sand. Thin discontinuous beds of terrace sand overlie the 

mudstone in the low-terrace area and dune sand overlies the terrace 

sand along Point Reyes Beach. These two units are shown on figure 9 

but are not differentiated on figure 10 or elsewhere in this report. 

The sand, undifferentiated, is thickest near Point Reyes Beach where 

it may be as much as 100 feet thick; it thins and becomes discontinuous 

to the east. Directly south of Bolinas, in the southeastern part of the 

area, the sand is about 100 feet thick. At McClures Beach, in the 

northwestern part of the area, the deposit is principally dune sand 

of unknown thickness.

The water-yielding characteristics of the sand vary considerably, 

and, in general, the permeability decreases with depth. Many small 

springs, yielding less than 1 gpm, were noted at horizons of permeability 

change. These include 2N/10W-8M1 and 3N/10W-23B1. Well 3N/10W-15R1 

reportedly supplies enough water from the sand to run a dairy ranch. 

Reportedly, several wells were drilled in the Bolinas area, but no 

record of the yield was made. At McClures Beach, the entire flow of 

McClure Creek is ground-water discharge from the dune sand 

(spring 4N/10W-16R1).
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Sand and gravel.--This unit occurs in significant amounts in the 

stream valleys of the low-terrace area (fig. 11). It also occurs 

in discontinuous patches along the San Andreas Rift Zone. 

Extremely small amounts also occur in the stream valleys on the east 

side of Inverness Ridge in and north of the town of Inverness (fig. 12),

The yield of wells varies with the thickness of the sand and 

gravel body. In Muddy Hollow, wells 2K/9W-5Q1 and 5Q2 reportedly were 

test pumped at 60 gpn. Well 3N/10W-25D1, just north of Home Ranch, 

yielded 19 gpm. Along the rift zone, well 1N/8W-24G1 yielded 8 gpn. 

These wells are in areas where the sand and gravel probably is more 

than 50 feet thick. In the small alluvial valleys north of Inverness, 

the sand and gravel is thin, probably less than 20 feet thick, and 

wells probably will yield less than 5 gp&« For example, well 

4H/1CW-36C1 yielded less than 1 gpn.

Clay and silt.--In the lower reaches of the alluvial valleys, the 

alluvial sand and gravel grades laterally into the fine sand, silt, and 

clay typical of tidal-flat deposit. The contact between the sand and 

gravel unit and the clay and silt unit (fig. 10) is placed at an abrupt change 

in stream gradient. Immediately upstream from the tidal flats 

gradients average 80 feet per mile, while in the tidal-flat area the 

gradient is only a few feet per mile. In Muddy Hollow drainage in the 

south-central part of the area, the lithologic-topographic correlation 

was apparent, but all other contacts were inferred.

The only well canvassed. in this unit is a flowing well, 

2H/9W-8B1, which yields less than 2 gpn.
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WATER QUALITY

In all, 19 analyses of water samples were studied to determine 

the general chemical quality of the surface and ground water in the 

seashore area. Table 5 shows that the quality of the water, except 

the water from Drakes Beach (2N/10W-9), is satisfactory for domestic 

use* Sampling sites are shown on the water-quality map (fig. 13).

The water contains, on the average, about equal amounts of 

calcium, magnesium, and sodium cations. The anions are predominantly 

bicarbonate. The average sum of determined constituents (dissolved 

solids is 116 ppm (parts per million) for surface water and 230 ppm 

for ground water.

Samples were not collected specifically for analysis for iron, 

although evidence suggests iron in the water is a problem throughout 

the entire seashore* The owner of well 1N/8W-24G1 reported iron in 

the water. The water from spring 2N/10W-8M1 indicated a considerable 

amount of iron precipitate. Water from well 3N/10W-22C2 is treated 

to remove iron, and well 3N/9W-17G1 is unused because of the large 

amount of iron in the water.

Samples were not collected for bacteriological analysis, but, 

on the basis of nitrate content, the water from two wells probably 

contains organic matter. Analyses of water from wells 1N/8W-13M and 

1N/8W-2AF indicate 34 and 18 ppra. The U.S. "Public Health Service 

Drinking Water Standards, 1962," indicates that nitrates in water 

supplies should not be in excess of 45 ppm.
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Ground water* On the basis of the sum of determined constituents, 

the ground-water analyses can be divided into two distinct groups one 

averaging about 390 ppm and the other, about 190 ppm. Wells in the 

sand and gravel or the silt and clay units yield water containing the 

greater concentrations of dissolved solids. Wells in the other 

geohydrologic units (fig. 10) yield water containing the lesser 

concentrations. Therefore, wells in the sand and gravel and in the 

silt and clay units will probably yield water of a somewhat poorer 

quality than wells in the other geohydrologic units. Also, wells 

drilled below sea level may yield salt water.

Surface water. The results of analysis of most of the samples 

of surface water in the area indicate water of good quality. Two 

exceptions are noted: (1) Pine Gulch Creek (1N/8W-24J) where the 

sum of determined constituents was greater than that for the other 

streams, but the water is satisfactory for domestic use; and 

(2) Drakes Beach (2N/10W-9) where the chloride content is in excess 

of that allowed by the U.S. Public Health Service drinking-water 

standards (table 5).
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BRIEF APPRAISAL OF SPECIFIC SITES

Nine sites were selected by the Park Service as potential park- 

development sites (fig. 7). Each requires an examination beyond the scope 

of this report to adequately define the water conditions. The following 

appraisal of these sites gives only the general hydrologic conditions. In 

this appraisal the term "firm yield" is used to describe the potential of 

a stream as a source of water supply. The term was defined earlier in this 

report as a discharge of such magnitude that only on one Labor Day in 25 

years, on the average, will it fail to be attained. The Labor Day weekend 

is the most critical period each year because at that time a high water 

demand and a low water supply coincide.

1. Pine Gulch. -This site probably is unfavorable for the develop 

ment of a ground-water supply. A potential source of surface-water supply 

is Pine Gulch Creek, which has an estimated firm yield of about 60 gpm.

2. Double Point. This site probably is unfavorable for the 

development of a ground-water supply. A potential source ef surface- 

water supply is Alamea Creek, which h*£ an estimated firm yield of /£0gpau

3. RPS Headquarters. TVo wells have bean completed in the alluvial 

sand and gravel near park headquarters; one yields 35 gpm and the other 60 

gpm. A potential source of surface-water supply is Bear Valley Creek and 

two unnamed tributaries, which have an estimated total firm yield of 

about 45 gpm.

4. Limantour Beach.--The summer discharge of each of two existing 

wells in the Muddy Hollow Creek watershed is about 55 gpm. None of the 

three streams in the area Muddy Hollow, Glenbrook, and Laguna Creeks- 

has an adequate summer flow.
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5. Gallagher Beach.-*The primary source of a local water supply 

probably would be shallow wells drilled to the blue clay along a line 

that parallels the beach. The yield of these wells is speculative and 

will depend on whether or not a system of joints or cracks is encountered. 

For example, test hole 2 (fig. 14), which penetrated a system of cracks 

or joints, indicates a probable yield of about 5 gpm. Test hole 3 (fig. 14), 

however, did not penetrate any such system and indicates a probable yield 

of less than 1 gpm. The only summer surface flow occurs in small seeps 

at several geologic contacts (fig. 14).

6. Drakes Beach. The flow of several small seeps is impounded 

behind a dam about 800 feet inland from the beach. There is no practical 

way to measure the rate of inflow to the small lake thus formed, but 

regardless of inflow rate, the lake water is not potable. The primary 

source of a local water supply would probably be wells drilled to the 

blue clay underlying the swampy areas tributary to the lake. The 

estimated yield of such wells is speculative, depending as it does on 

the presence or absence of a system of cracks or joints at the well site. 

One test hole, 100 feet deep, at the intersection of Drakes Beach road 

and the access road to D Ranch (fig. 1), indicated a probable yield 

of less than 1 gpm.
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7. Point Reves Beach,--Conditions here are similar to those at 

Gallagher Beach and prospecting for a local ground-water supply is there 

fore highly speculative. The only summer surface flow occurs in small 

seeps.

8. McClures Beach.--McClure Creek is probably the most feasible 

source of water. Its estimated firm yield is 25 gpm.

9. Tomales Beach (Marshall property).--The alluvial sand and gravel 

is thin at this site. A well in the second alluvial valley north of 

Laird's Landing (figs. 10 and 12), about 20 feet above sea level, may 

yield about 5 gpm. If additional water is required, a well could be 

drilled in the. marine sandstone about three-fourths of a mile southwest 

of the beach. There is no summer surface flow at Tomales Beach.
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US. GEOLOGICAL SURVEY FIGURE 2
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FIGURE 2.~ GEOMORPHIC MAP



Figure 3.--Viev looking west from the summit of Drakes Summit Road 

(3N/9W-3U). The upper "basin of Laguna Creek is in the foreground; 

the lov terrace is in the midground; and Point Reyes is in the 

background. This photo is taken in the saddle between Point 

Reyes Kill and Mount Wittenberg.



Figure A.--View of Tomales Point looking northwest from BM

(4N/10W-15). The high wave-cut terrace is typical of the northern 

part of Inverness Ridge. Sand (Qs) lies on the basement complex 

(pTu) and forms the excellent reservoir that supplies McClure 

Creek. Trees in the midground mark the location of the Upper 

Pierce Ranch.



U.S. GEOLOGICAL SURVEY FIGURE 5

FIGURE 5.- PRECIPITATION MAP
CONTOURS ARE ISOHYETS OF AVERAGE ANNUAL RAINFALL, IN INCHES



U-S. GEOLOGICAL SURVEY FIGURE 6

FIGURE 6.-RUNOFF MAP
CONTOURS ARE ISOPLETHS OF AVERAGE ANNUAL RUNOFF, IN INCHES



US GEOLOGICAL SURVEY FIGURE 7
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Figure 11.--View from the Home Ranch road (3N/10W-24) toward well 

3N/10W-25D1. The well is indicated by a circle. A destroyed 

well that previously supplied the ranch is in the foreground. 

Well 25D1 is about 80 feet above sea level and the low terrace 

(the flat-topped hills) is about 200 feet above sea level. Sand 

and gravel (Qg) at least 50 feet thick lies on mudstone (Tm). 

The stream flowing through this valley is typical of the 

Limantour Beach group of streams.



Figure 12.--The northernmost alluvial valley at Tomales Beach. The 

mouth of the valley is 120 feet wide. A well drilled at the location 

indicated by the circle probably will penetrate basement complex at 

less than 50 feet below land surface and probably will produce about 

5 gpn. There is no perennial stream in this valley.
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